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Dielectric relaxation theory
According to the dielectric relaxation theory, 1 dielectric properties of a material basically reflect the electric charge movement inside the material in response to an external electric field. Assuming an applied electric field E, a current density J inside the material is induced: J = SE + j0( -j)E = (S + 0)E + j0E
( 1) where S is the direct current (dc) conductivity of the material,  is the angular frequency of the applied field, 0 is the permittivity of free space,  is the dielectric constant, and  is the loss factor of the material. For biological materials,  usually depends on frequency. The conductivity of the material is:
Dielectric relaxation is always a frequency-dependent process. A single-time-constant response is described by the Debye equation:
where ∞ is the dielectric constant at frequencies much higher than 1/(2πτ), S is the dielectric constant at very low frequency, and τ is the relaxation time. The relative complex permittivity  is described by  =  -j. From equation 3, the dielectric constant and loss factor can be written as:
The conductivity of a dielectric with a single-time relaxation can be expressed with equations 2 and 5:
At low frequency ∞ and S are very small, then the relation between conductivity and dielectric constant can be described as: The dotted green curves show the conductance measured for the cell-free hydrogel (negative control). 
